INTRODUCTION

BACKGROUND
When we the people pose the question why more of the utilities are not buried, all the service providers are quick to dismiss the idea, saying it would be too costly. But, as regulated entities, this is not their decision. In fact, it's ours who pay the price dearly because power and other service disruptions affect our economy, cost jobs, and create hardships for our households and businesses. A comprehensive global survey by the author shown in Table I revealed that most countries around the world would prefer to move their overhead power lines underground due to Cost and the underground already being so crowded with water pipes, sewers, storm drains, gas mains, telephone cables, and other conduits have prevented the power companies from realizing this goal. Then, there are countries like Denmark, Germany, Holland, Hong Kong, Iceland, Israel, Singapore, Sweden, Switzerland, United Arab Emirates that have already moved most of their overhead power lines to the underground despite their GDP/capita being lower than that of richer countries. The outage of August 14 in 12 states and provinces of America and Canada for over 50 million people costing over $ 14 billion in the summer of 2003 by a transmission line overheating and touching a tree, the outages of September 28 in Austria, France, Italy, and Slovenia for over 60 million people caused by a tree flashover, the outage in England, the outage for over 10 million people along the east coast of America due to Hurricane Isabel, continue to remind us the vulnerability of our power grids to nature's forces when most of the lines are overhead. It's common in Ontario, Canada to have frequent outages when winds blow faster than 80 Kph, signaling that the utilities simply do not have the people's interest at heart. Jersey Central Power and Light had power outages too many times lasting minutes to hours all through the summer of 2003. A survey completed in 1997 indicates that on the average, an American customer experiences about 40 power outages in a year and matters have gotten worse in the past 6 years, given an investor-owned utility reporting in 2003 that they have at least one outage somewhere in their power grid every single day of the year. Animals contacting the wires, inclement weather, and auto accidents cause about 85% of the outages in North America. In Australia, more than 10% of the auto accidents involved power poles costing over $ 250 million per year and in America it would be on the order of $ 5 billion per year.
Salt River Project in Phoenix, Arizona is progressive in that they have been installing all services underground for 20 years with a program to move about 100 km of cables from overhead to underground per year until these are all underground. Even small cities of the size of 70,000 inhabitants are doing something to solve this problem. Last year, the managers of Edmond Electric, the city-owned agency that provides electricity to Edmond, Oklahoma, initiated a $1 million program to bury overhead power lines serving the 465 residences in the Henderson Hills neighborhood. This is the first step in a program city officials plan to use to eventually place all residential power distribution cables underground.
A similar problem has been brewing within the communication industry and this is the last mile bottleneck. Therefore, the communications industry needs new ways of doing business. In the old set of rules, the optical cable and the power cable companies always thought in terms of having to make their permit applications to the city council, wait forever for approval, make open cuts of the highly trafficked roads in the busiest parts of our highly populated cities, and lay their cables in their own conduits at an enormous first time cost. These forced most cities to discourage new open cut excavations involved. It makes all the sense in the world to locate the last mile fiber and power cables in the existing rights of way on conduits, ducts, sewers, water mains, and gas pipes shown in Table II , particularly when some of these It appears these two industries could work together for both of them to gain. Deployment of optical fiber networks or power distribution networks underground in dedicated conduits requires extensive construction, usually involving excavation of city streets. These excavations cause pollution, traffic hold-ups, economic loss, and unsafe conditions to the inhabitants in every city. These forced most cities to discourage new open cut excavations and acquisition of rights of way have become an elusive task. It makes all the sense in the world to locate the power distribution cables and the fiber cables in the existing rights of way on sewers, water mains, gas pipes, tunnels, and other underground structures to move them underground quicker at a cheaper cost.
There are many reasons why this novel approach is most attractive. These existing pipes are already connecting the very end users our new underground power cables need to reach, in residential, commercial, and government buildings. These pipes were engineered and maintained by public funds. These were also the most stable underground structures deep in the ground serving intended functions well over 100 years earning our people's trust. At a time of concerns of homeland security from terrorist attacks against these power grids and equipment, it is safer to place these cables in these underground structures than run on overhead poles and we could even monitor or operate the whole system from remote unknown locations.
MULTIPLE USES HAVE BEEN AROUND
Using existing conduits for multiple uses is not a new concept. Early attempts were in Paris more than 100 years ago but poor results led to abandonment of the concept of installing multiple utilities in the same underground tunnels. There also were a number of projects in America about 100 years ago where telephone companies were permitted to lay their cables inside of drinking waterlines. The innovative idea of using existing fluid conduits for additional functions not originally intended, emerged again in 1983 when author designed 2 high pressure hydropower penstocks of size 2144 mm in diameter to hang from the roofs of 6.4m diameter outlet tunnels at Jennings Randolph and Gathright dams in West Virginia and Virginia. Therefore the technical issues in the current situation of using existing pipelines for housing optical cables are rather minor compared to what we coped with in 1983 and we have progressed in our civil engineering know-how in many fronts in the past 20 years.
SECURITY OF POWER GRIDS
When power distribution and/or retail companies wish to move their specially designed low voltage distribution cables to the underground at the cheapest cost and without the headaches of rights of way acquisition and the problems resulting from open cut construction, the above business plans and some variations thereof are always available to them. However, just like there was early resistance from some owners of pipes when optical fiber cables installers were attempting to house these in existing pipes, power cable industry will also face resistance from many pipe owners until they are convinced of the benefits. The progress made in the optical fiber cable industry shown in Table III is proof that if we work together, power cables also could share the existing pipeline assets and rights of way. Then, there are many ways for us to renovate existing pipes, when they leak or have come to the end of their lives, by replacing with multiple conduits without cutting open the ground, and we could install communication cables and power cables in conduits isolated from one another. When power cables are moved to either inside or outside of existing pipes in the ground, all safety considerations need to be considered. Insulation of the power cables need to be chosen more carefully and the grounding options have to be redesigned depending on whether the pipe materials are good conductors or not.
Holland locating 100% of their LV and MV power lines underground despite more than 50% of the country being below mean sea level is a living proof that the claim moisture would make it impossible for us to move power distribution underground is spurious. Just like how the cable engineers in Holland have learned to cope with moisture problems using tapes that can swell, similar moisture protection layers need to be built in the power cables to ensure that the water or sewage does not enter the power cables. Special corrosion protection measures also need to be considered. Sample special designs for single and three phase distribution are shown in Figures I and II and these could be inserted in a lined pipe as shown in Figure III . Because more and more sewers and water lines are built of plastics, the desire to move power cables into the same rights of way becomes more attractive. Because the power cables are heavier than optical fiber cables, the supports used for holding the cables at the crown of the existing pipes need to be redesigned. The housing conduits through which the optical fiber is threaded need to be made larger if power cables are inserted.
The methods used for cleaning, repairing, and inspecting the pipes need to be modified if power cables are installed in the pipes carrying other fluids. The safety of the workers, grounding, and the influence of electricity on other functions of the pipes need to be carefully considered. The cost of cooling the cables when heat is generated from power transmission could be lowered by the secondary use of the fluids already flowing in the pipes in which these power cables are to be installed.
In summary, if the power cable manufacturers and the power distribution and/or retail companies are willing to
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Session No 5 accommodate changes in the insulated power cable designs, more and more existing utility owners would be turning to these additional revenue streams by becoming partners in these innovative teaming arrangements. Insulated cable manufacturers around the world also need a new beginning and would love to see more and more power lines underground to save their industry.
CONCLUSIONS
The people we serve always expect us to provide safe and cost-effective solutions with least damage to our environment. When acquiring rights of way to dig and bury various utilities and cables one by one is becoming increasingly impossible, we engineers and contractors have to learn to share the underground to avoid further conflicts and accidents. Society's problems needing the expertise of just one type of engineering have all been solved many decades ago. The remaining challenging problems require us working together on teams with experts of interdisciplinary skills in technology, business, public policy, and social sciences. Initial informal surveys among power engineers indicate that they see some merit to these out-of-the-box ideas proposed by the author and would have an interest in working with civil engineers toward finding cost-effective solutions to the operational problems without compromising safety.
The author leads a new discussion group approved by the administrative committee of the Insulated Conductors Committee of the IEEE: Power Engineering Society at its September 2003 meeting. The author is inviting the service providers, utilities, municipalities, energy companies, and optical and power cable manufacturers to contact him to serve on this committee, for ongoing progress reports on this innovative approach, and to indicate their desire to use this technology on any of their projects. The author also serves on the new Working Group formed by Cigre' to develop technical guidance documents on the subject of sharing tunnels and existing structures for installing power cables underground.
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